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THE MAN/MOS PROGRAM

Alexander E. MacDonald
Scientific Services Division
National Weather Service Western Region

ABSTRACT. The:MAN/MOS Program was instituted in
late 1975 to improve forecasting by making more
effective use of MOS and to determine if WSFOs
could significantly improve on MOS guidance. A.
complete description of the methods and results

of the program through the end of 1976 is given.
Methods used included (1) encouraging more meteo-
rological reaSoning, (2) more careful use of MOS,
(3) fostering competition among WSFOs for improve-
ments over MOS, and (4) rapid feedback techniques.
Two seasons of PoP verifications are presented
which show substantial improvements over MOS for
Western Region WSFOs, and . increased skill In
comparison with previous years. A ceiling and
visibility verification®is presented which.shous
WSFOs producing a much more useful product Than
MOS. if is concluded that the methods of the
program were successful in improving forecasting,
and That WSFOs can stTill make substantial improve-
ments on currently available statistical forecasts.

{. INTRODUCT!ON

The genesis of the MAN/MOS Program was to answer the question, "Can
WSFOs make significant improvements on computer produced statistical guid-

ance?" In recent years statistical forecast schemes developed by Tech-
nigues Development Laboratory (TDL) have shown significant improvement.
For example, in Figure | it can be-seen that statistical precipifation

probabilities. scored by the Brier P score (Brier, 1950) (solid bars)
improved. from-about 17% over climatology in the period from 1970 to 1973,
to:over a. 25% improvement ‘in the winfer of 1974-1975. Forecasts: issued

by Western Region WSFO$ in the same period showed less of an improvement;
by cool season 74-75 the WSFOs showed negligible improvement over the
statistical technique. This is quite surprising since the forecasters
have the statistical forecast in hand when they make their forecasts; it
raised the question of whether the human forecaster should be devoting
Time to make such marginal improvements. The idea had particular force

in The second (12 to 24 hours) and third (24 to 36 hours) period forecasts
where MOS (Model Output Statistics; henceforth, used synonimouslty with the
"statistical techniques") did even better vis-a-vis the WSFO forecasts.
Forecasters, it was contended, should concenfrate on their warning respon-
sibilities and the first period (0 to 12 hours), accepting the MOS fore-
casts. without modificaticn in fhe lafer periods.



Conversely, there were others who contended that the meteorologists can
and shouid make significant improvements over MOS, even in the later periods.
A study done in late 1975 by Scientific Services Division (SSD) indicated
that Western Region forecasters, while generally deviating from MOS in the
right direction, tended to go too far; it suggested the forescasters were
not using MOS to maximum advantage. A program, which became known as the
MAN/MOS Program, was Instituted with two major purposes ih mind:

. To improve forecasting by stimulating more effective
use of MOS guidance.

2. To determine if WSFOs can significantly improve on
MOS guidance.

This Technical Memorandum presents the methods and resul+ts of the two
main components of the program: Sections || and |1} discuss the methods
and results of the PoP verification, and Section |V discusses the program
to verify aviation forecasting (i.e., ceilings and visibilities).

I't. METHODS OF THE PoP VERIFICAT!ON PROGRAM

Probabilities of precipitation are generally the most significant of the
numbers routinely issued by forecast offices. The verification system used
for PoPs, the Brier P score (Brier, [1950), is excellent because i+ can't
be "played" (Brier, 1950; Hughes, 1967) and has been shown to be 'proper'
(Murphy and Epstein, 1967). Therefore, although the thrust of the program
was directed toward PoPs, it is felt the results would have been similar
had temperature or some other forecast parameter been chosen.

[+ is clear from the stated purposes of the program that its essential
goal was to improve PoP forecasting. The methods used can be separated
intfo meteorological and administrative aspects:

A. Meteorological Methods.

The first question to be answered was, "Have the WSFOs been deviating
from MOS in the right direction (on the average)?"

I. The Progressive TruncaTion;STudy.

To answer this question, a study was undertaken of PoP data
from the winter of 1974-1975. The study involved a Brier
score verification, comparing WSFO PoP forecasts with MOS

PoP forecasts. They were initially verified as given by the
WSFO; and then they were progressively ftruncated such that
their absolute difference from MOS was smaller and smaller.
For example, suppose that the MOS PoP for a certain period
was 80% and the WSFO PoP was 20%. For an "allowed variation"
of 60 or greater the WSFO PoP would not be modified (80% -
20% = 60%); but for an allowed variation of 50, the WSFO PoP
would be scored as if it were issued as a 30% (80% - 30% = 50%).



A graph of this Progressive Truncation is shown in Figure 2;
the results of the study are shown on the line labeled 1975.
The ordinate of the graph is given in terms of percent
improvement over MOS. For large values of the allowed varia-
tion (right portion of fthe abscissa), such as 60 and 70, the
score can be interpreted as the actual (unmodified) comparison
between WSFO and MOS scores. This is because it was quite
rare .for a WSFO to deviate as much as 60 or 70% from MOS.
Averadged over the three periods, the Western Region WSFOs had
only a very slight improvement over MOS. As the aggregate of
forecasts are modified foward MOS, it is evident that the
maximum improvement over MOS occurred for a truncation of all
forecasts greater than 20% from MOS.. In other words, if: there
had been a rule which said, "Western Region forecasters will
not differ more than 20% from MOS", the WSFO PoPs would have
verified substantially better than they did. The maxima is
"The score the WSFOs could have had by more effective use of
MOS". As the WSFO PoPs are truncated closer to MOS their
score decreases; for an allowed variation of 0% the score must
be the same as MOS.

The 1975 lines . on Figures 3a, 3b, and 3c show the same infor-
mation stratified into the first, second, and third periods:
Figure 3a shows The first period o have maximal improvement
with allowed variation of 20%, with about the same improvement
for allowed variation of 30%. In the second period (Figure 3b)
‘there was maximal improvement for variations of 10 and 20%,

and in tHe fhird period the improvement would have been greatest
if the WSFO forecasters had limited themselves to 10% deviation
from MOS. These results show That the ability of the forecasters
to deviate successfully was |imited to 30% the first period,
20% the second period, and 10% in the third period. 1t became
known as The 30-20-10 rule.

The Progressive Truncation Study identified fwo important
characteristics of the PoPs being issued by WSFOs, First, as
demonstrated above, the ability of the forecasters to deviate
successfully from MOS decreased with longer forecasts.

Secondly, and of more significance, was that the WSFOs were
deviating in the-proper direction; they just tended 1¢.go-too
far. |+ strongly suggested that if MOS was used more effectively,
the improvement over MOS made by WSFO forecasters would improve
substantial ly.

2. The Forecast Process.

The Progressive Truncation Study gave evidence of a certain
type of forecast process. The forecaster !looks at the situa-
tion, with MOS considered as just one piece of data fo be
assessed along with other factors. He arrives at his PoP
with MOS considered, but not necessarily a dominant factor.
However, the Progressive Truncation Study clearly identified
This type of forecaST process deflCIenT—~MOS was not accorded
the significance it deserved.
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B.

Thus, as part of +he MAN/MOS Program, SSD suggested that the
WSFO forecasters take a new approach to their PoP forecast-
ing: the forecast process should begin with the MOS PoP.
Only in cases where the forecaster had very good reasons
should he depart significantly from MOS; when he was unsure,
he should "cozy-up' to MOS.

Although initially it was though unwise to deviate more than
allowed by the 30-20-10 rule, it soon became apparent that
there were situations which warranted drastic differences
from MOS. The results (discussed in Section |]1) supported
this idea.

3. Methods for Improving on MOS.

Beginning before, and ultimately as an integral part of the
MAN/MOS Program, SSD conducted a program to help forecasters
better understand the weaknesses of MOS, For example, Iif
the numerical mode! which MOS uses was seriously in error
due to poor initialization, then the associated MOS PoPs
should be modified accordingly. This and other ideas were
promulgated through a series of Technical Attachments,
station visits and a videotape (Use of MOS PoPs, produced

by Cart Bullock of SSD).

4. Meteorological Basis.

[t should not have been surprising that the meteorologist
could on the average deviate successfully from the statis-
tical forecast scheme. He is privy to much information
which is not available to the statistical forecast. A
notable example of this is satellite pictures. The
appearance, development, and movement of cloud systems are
types of information which are very useful to the human
brain, but which are difficult to quantify for use in nume-
rical models. Similarly, strong local effects can be
advantageously used when the meteorologist is cognizant of
deficiencies in the developmental sample.

In the future, developments, such as animation of satellite
pictures and prognoses, as well as other applications of
advanced technology (e.g., use of on-station minicomputers)
should continue fo give WSFO forecasters an edge over statis-
tical techniques.

Administrative Methods.

Administrative methods were also used in the MAN/MOS Program.
Chief among these was the communication through the organization
to the operational forecasters the objectives of the program.
Parallel to this other methods were used:



. Computer Scoring System,

The most important administrative innovation of the program was
a computerized system for rating The WSFOs competitively in
terms of improvement over MOS. Forecasts for two stations

were scored for both the 9 GMT and 21 GTM forecasts at each
WSFO. Table | is a list of the stations scored; ohe station

is the WSFO location, and the other was chosen to represent
a.different weather regime within the WSFO. forecast area. The
data compilation and computer program were accomplished by SSD.

TABLE. |

ﬂ§52 IDENTIFIER SECOND STATION
Portland PDX Medford, Oregon
Phoenix PHX | : Flagstaff, Arizona
Salt Lake City SLC : Cedar City, Utah
Seattle SEA ‘Spokane, Washington
Los Angeles LAX San Diego, California
San Francisco $FO Red Bluff, California
Reno RNO Las Vegas, Nevada-
Boise BO! ' Pocatel o, ldaho
Great Falls ‘ _ GTF *Missoula, Montana

*Kalispell, Montana, was used in cool season.

Table |. The stations used in the MAN/MOS PoP Program were the
WSFO listed, plus a second station in each WSFO's area of
responsibility.

Table 2 is a-copy of"the rating: formwhich was: updated-and- sent to
all WSFOs: wéekiy. In. the:upper section each WSFO is listed, along
with the Brier scores for WSFO (column labeled FCST) and MOS
(column: labeled -MOS) forecasts,. the improvement of fthe WSFO over
MOS:(column labeled IMPR/MOS; unifs. are percent) and the number of
forecasts (N) for each period.

in The middle section the WSFOs are ranked according fo improve-
ment over MOS for each period, and in the boTtom section the
total Brier scores and improvement over MOS for all three periods
are shown, with the WSFOs listed by rank. '



HAN/HDS

3 F(ST
SEFA .096
BNl 044
G1Ff .080
POX 078
SFD 0217
LAY 046
RNA .018
st 028
PHX -041
TOTAL L0560

SCIENTIFIC SERVICES €T 4 1976 THRU uAN 308 1977
PERIONOD ) PERTOD 2 PERIOD 3

MHS  JUPR/NUS N s F(ST WS THPR/MOS N 3 FCST W3S _ IHPR/ANS - N

«JU5 4.7 476 <109 .23 11.6 476 d17  W132 11.9 476
046 5.1 476 D61 ,063 3.0 470 061 064 4.8 476
+J89 10.4 476 097 <099 2.3 4176 103 L1046 1.8 474
091 19.0 476 043 038 4.9 4706 «100 112 10.2 4786
.033 20.1 476 020 034 9.7 47¢ 0645 ,053 14.7 476
«053 13.9 476 000 L0677 10.3 476 0066 070 7.9 h76
022 18.2 474 024 025 3.1 476 028 026 =10.0 76
031 7.8 476 <335 .037 642 476 038 039 1.4 476
045 9.3 476 05) .0&2 1.5 476 083 ,059 9.5 476
2057 12.0 h284 L2 Wb 62 4284 068 .073 7.4 4484

DATE

POOOUODIRBVITUIIIBIVIITIUICVIVIAIISTIRI(NIVIOIA VS0V NCOPVUNSHINIVBSI0BBIUBBIVIVAVIVVIIVLOVVABUTIINBYY
WSFD STANDINGS

FERI0OD 1) PERIND 2 PERIOD 3
1 SFD 1 SEA 1 SFO
2 RNO 2 LAX 2 SEA
3 POX 3 SFO 3 PDX
4 LAX 4 SLC 4 PHX
5 GTF 5 PDX 5 LAX
b PHX 6 RND 6 801
7 SEA 7 b0l 7 GTF
8 sLC 8 GTF 8 SLC
9 BOl 9 PHX 9 RNO

PESUTLIORINOUBIICVSGIVIVAIVITIC IOV YROBTITFATCITVOIIINIIVOIIVASIBUIIRIEIITSAVNDUIDOIILOTSSITOIVBL

WSFO STANDINGS (TUTAL)

RANK  STA Fp HOS  IM/HDS N

1 SEu N34 040 14.8 1428

2 SEa £107 120 10.8 1628

3 PDX .089 100 10.8 1428

4 LAX 057 063 10.4 1428

5 PHX 048 052 6.8 1428

6 SLC 036,036 4.9 1428

7 GTF .083  ,094  4.b 1428

8 ol D58 LU87 4.2 1428

9 RND 023 024 2.9 1428

10TAL 060 066 8.4 12852

Table 2. Example of MAN/MOS verification update which was sent
weekly To WSFOs.
2. Competition.

The weekly ranking system fostered competition among WSFOs

to improve over MOS,

The primary competition was with MOS:

‘A runner generally makes betfer time against another runner
than he does running alone.

As stated in the Introduction, a major purpose of the program
was to encourage more effective use of MOS; it was to be the
first and most important item considered in the forecast
process. The realization by a forecaster that his product
would be measured with reference to MOS accomplished this end:
After the competition began, forecasters didn't always agree
with MOS, but it was evident they were looking at it much more
carefully.,



3. Feedback.

I+ has long been known by psychologists that feedback
is useful in improving performance; the more rapid the
feedback, the more effective it is.

The MAN/MOS Program made use of this in two ways.

First, all WSFOs were enccuraged to develop forms +to
tabulate their forecasts and those of ‘MOS on a running
basis.  in addition, SSD mailed each WSFO a tabulation
of their forecasts and errors along with those of MOS
every week. Figure-4 is an example of this form. In
addition to being useful as feedback, it aliowed a check’
on The data by the WSFOs.

I11. RESULTS OF PoP VERIFICATION

Though the MAN/MOS PoP verification is continuing, this Technical
Memorandum will limit discussion to the two complete forecast terms
available: cool season 75-76 consisting.of- 12,833 PoP . forecasts between
December |, 1975, and March 29, 1976; and warm season 76, with 20,229
forecas#s-verified‘beTween‘March.ZQ and October 3, 1976, Since the-
results of the two seasoris-are quite similar, most of the discussion
will be Iimited to the cool season results. i

Tables 3 and 4.present the final results of the cool- and warm-
‘season verifications. |In the upper section of the Tables, it can be
seen That every WSFO improved on MOS in every period for both seasons.
The average improvement over MOS was about 12% in the cool season and
7% in the warm season.

Note that the maximum improvement cver MOS in both seasons is in
+the firsT period (18.7% for the cool season and |1.5% for the warm
season). For the cool season the trend continues, with a 10.7%
second-period improvement, and a 7.3% first-period improvement, 'in
the warm season, the third period showed a greater improvement over MOS
than the: second -period (5.3% to-4:9%). 1|+ is:reasonable to infer from
the above that: improvements over MOS are-more difficult to make in
fonger range-forecasts.. ‘ -

A. Comparison With Previous Years.

Figure | ‘is a bar graph of the cool season PoP verification for
the Western Region for fthe years 1969 to 1976. The solid bars
represent NMC guidance (MOS after 1972) and the horizontally
hatched bars represent the WSFOs' improvements over climatology.
Use of improvement over climatology gives a fixed standard of
comparison; MOS is not a fixed standard because iT has been
improving with time. '

The data ‘from previous years were obtained from a series of

Technical Memoranda (Derouin and Cobb, 1970, 1971, 1972;
Sadowski and Cobb, 1973, 1974) issued by Technical Procedures

~7-



- MAN/MOS Final Results, Dec. 1 Thru Mar 29, 1976

PIRIOD 1} PERIOD 2 PERIND 3
® FCSTY MOS  JTHPR/MOS N * FCSY MOS  IMPR/MOS N s FCST MOS LMPR/MOS N
SEA «139  .160 13.4 476 168 .183 8.1 476 .180 .202 3.0 476
Bo¥ 107 117 8.8 476 «127 142 10.1 416 -136  .34B 7.9 476
GTF -108 .126 14,0 476 <126 .139 9.0 476 143  .145 1.} 476
PDX L121 149 19.3 473 -§45  .l64 11.9 476 169  .181] 6.6 476
SFO .065 100 35.1 476 L0771 .096 19.17 476 .087 .099 12.7 476
LAX -.033  .044 24,5 475 L0684 050 12.1 4176 -04% .0506 12.3 476
RNO 042 .05%3 20.1 474 -067 .055 4.1 414 .058 .059 1.3 474
Stc .07 .092 22.6 473 096 .101 5.2 473 .099 .107 7.1 473
PHX .055 .0069 20.8 476 «069 .077 10.6 476 079 002 3.6 476
TOTAL  .082 .101 18.7 4275 «300 .112 10.7 4219 .111  .120 7.3 4279

$ROPUBBLNVICOIPOGEIBIILOVNILINA00 V0OV OLOTINBRLA00RALUNINOIBTORIVVR0XDV0VRFCESICHORIVOITOAIOD233032¢
KSFO STANDINGS

PERIOD 1 PERIUD 2 PERIDD 3
1 .5F0 1 sfo 1 SFD
2 LAX 2 RND 2 LAX
3 S5Lc 3 LAX 3 SEA
4 PHX 4 PDX 4 BOI
5 RNO 5 PHX 5 StC
6 PDX 6 BO1 6 PDX
7 G1F 7 GTF 7 PHX
8 SEA 8 SEA 8 RNDO
9 BOI ¢ SLC 9 GTF

0R000IRGVNOBBOVIFOROLIGURV0HO 0OV RIULAI0OORORIIIVCUDOCROBEDOITAG0IBRORAVELE00GII020DDIORTINRA00R0D
WSFO STANDINGS (TUTAL)

RANK  STA FP MOS  IN/MCS N
1 sfo -076  .098 J22.¢6 1428

2 LAX .062 050 f15.8 1427

3 PDX -3145 365 f12.2 1425

4  RND .049 056 11.5 1422

5  PHX -068  .076 J11.2 1428

6 SLC .089  .100 J11.2 1419

7 SEA -162  .182 f10.8 1426

8  BOX <124 36} 6.9 1428

9 GIF -126 137§ 7.8 16428

: TuTAL -098 )il Ji1.9 12833

Table 3. Final results of the MAN/MOS Program for the cool season, 1975-76.
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TELIRNO
SEu

1

CO~NCUEWN

PERIOL 1
FOS e/ MuS
<119 3.2
«U98 1245
W29 1.5
«102 Ttk
L0l 1.0
QU:)O 15.5)
. U5B 1745
T L.080 gob
sU_Bb 12.(.1
U85 11.b
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LAX

SEA
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BO1

“GTF
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SLC

o
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hHe -
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75
752
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750
750

6752

+ FCOLT
«120
9L
« 132
. l 0‘.)
042
SOUD
<053
082
L0708

084

RAHK  STA

RHO
SF0
LAX
Bo1
SEA
PHX
GTF
PDX
AN
TOIAL

COoNC CELGN =

PERIOD 2
IMPR/MOS

MOS
123
108
112
OhY
549
« 059
L 004
001

089

QNN TN -

1101
RNO
LAX
SFO
GTF
SEA
PHX
DX
sLC

f]
JINT
‘749
750
750
751,
g’
749
150
749

o7uh

WSFO STAHDINGS (TOTAL)

FP
052
01O
097
+118
0079
131
107
«0RB2
« 084

MOS

060

<048
051
105

127

.085
J1309
’ -‘—1 13

. 08'-7 g
l090 g

1HM/M0S
12,3
lnla

*

FCST
<132
.106"
186
118
047
049
. 056
.088
.N88

.N392

N
2247
2253
2249
2244
2241
2247
2248
2252
2248

20229

PERIOD 3

F A KE AR AR AR R R kR For Ko oR Rk ok R R bk KRRk A
WSFO STAMDINGS e '
PERIOD 2

MUS IMPR/MOS t
.139 B.0 Th6
- 1510 2.7 ©748
125 5.3 750
054 0.4 749
062 10.7 748
092 Y4 748
+ 091 3ol 748
« 097 5.3 A~T33
PERIOD 3

1 SFO
"2 RNO
3 LAX

PDX
5 SEA
6 SLC
7 BO}
A PHX
9 GIF

Table 4. Final results of the MAN/MOS Program for the warm season - |976.




Branch (TPB) of NWS. The data for 1973-1975 were obtained
directly from magnetic tape from TPB. There is a difference
in data between that obtained from TPB and that collected in
the MAN/MOS Program (+he TPB data had more stations for some
WSFOs) but the large data sample and geographic balance in
the MAN/MOS data selection makes the two samples comparable.

The WSFOs have always done better than MOS, running about
25% over climatology. By 74-75 MOS is also up to 25%
improvement, with the WSFOs only slightiy better.

The effect of the MAN/MOS Program is evident in the 75-76
season. Although MOS stayed near 25%, the WSFOs jumped to
nearly 34% over climatology. This represents a significant
Jjump in the accuracy of WSFO forecasting, as can be seen by
comparison with previous years.

The situation is similar for all fhree periods. Figure 5a is
a graph of the improvement over climatology for the second
periocd, and 5b shows the same for the third period. Both
show a significant improvement in PoP forecasting in cool
season 75-76.

The ability of WSFOs to improve over MOS in the third period
is considered quite significant. Notice that in cool season
75-76 the WSFOs had a greater improvement over climatology
in The third period than MOS had in the second period.

B. Results of 1976 Progressive Truncation Study.

The Progressive Truncation Study done for the cool season
75-76 1s labeled 1976 in Figure 2. Notice that large
values of allowed variation the improvement over MOS is
about 12%, and as the WSFO PoPs are modified toward MOS
They decrease monotonically. This means that, on the
average, when the WSFOs departed significantly from MOS
they were successful. There is a sharp contfrast between
1975, when the WSFO forecasts could be improved by modifica-
tion toward MOS, and 1976, when any modification toward MOS
results in poorer forecasts. |t is clear from the graph
that the WSFOs were making much more effective use of MOS
in 1976.

The Progressive Truncation Study for Period 3 is given in

Figure 3c. There is a slight improvement in the scores as
they are modified ftoward MOS. Again, the comparison with

the previous year is striking, indicating much more effec-
+ive use and improvement on MOS.

-] 0=



V. THE AVIATION VERIFICATION PROGRAM

A. Description of Program.

In addition fo fthe' PoPs verification, a program was also conducted
to verify and compare terminal forecasts (FTs) for ceilings and
visibilities with MOS. The program was voluntary for WSFOs; Table

5 is a list of tThe seven (out of nine) WSFOs participating, and the.
stations verified at -each WSFO. An example of The verification

form used is presented in Figure 6. The 10 GMT and 22 GMT forecasts
are each verified three times daily for both ceilings and visibili-
Ties. Because six=hour multiples are used, it allowed direct compa=-
rison with MOS, unlike the National verification program. In this
section the results of the complete program, which lasted from

March | 1o December 31, 1976, are presented.

TABLE 5

WSFO OTHER STATION(S)
Seattle: Olympia, Washington.
Los Angeles San Diego, California“
San Francisco Fresno, California
Reno Ely, Nevada
‘Boise. Pocatellc, ldaho
Great Falls Missoulia, Montana
Portland Pendleton, Oregon

Medford, Oregon
Eugene, Oregon

Table 5. The stations used in The MAN/MOS Aviation
Verification.

B. Results.

Table~6 presents a complete. tabulation ofafhe,resulfs;n it consisfs:
of four forecast and observed contingency fables;.one each for the
ceiling and visibility forecasts; of MOS and the FTs. The fotal
number of forecasts verified for both MOS and FTs'is 55,575, a

large enough sample o lend credence to the resulfs.

I. Discussion of Contingency Tables.

The superiority of FTs over MOS is evident in tThe contin-
gency tables. Consider, for example, the occurrences of
Category |. When the ceiling verified in Category I, it
was forecast correctly 99 times versus 58 for MOS; more
noteworthy: is fthe fact:that -the FTs observed Category |
on 46 of their Category 5 forecasts versus [55 for MOS.
In visibility tThe FTs hit Category | correctiy 229 times

-l |-



MAN/MOS FT Verification, Mar. 1 Thru Dec. 31, 1976
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Table 6.
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Final

results of the Aviation MOS Verification.

""SCORE"

is the NWS

Matrix Score as defined in Chapter C-73 of the NWS Operations Manual.
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versus 99 for MOS; MOS had 237 five-category-busts, with
only 91 such busts for the FTs. In the lowest three

categories the FTs had 80! correct forecasts versus 337
for MOS. ’

2. Bias Characteristics.

The biases' of each forecast category are shown at the bottom:
of the columns in Table 6. Techniques Development Laboratory
has recognized a problem with the bias characteristics of the
MOS ceiling and visibility forecasts (Crisci, 1976), and the
problem is evident in this set. All the MOS biases for the.
lower three‘categories are around .5 or less. In-contrast,
The lower category biases of the FTs are closer to 1. A
comparison of the |0 biases shows that only in one case
(Category 4 of .visibility) does MOS have a bias closer o

{ fThan the FTs.

3. Score and Percent Coérrect.

The "SCORE" lisfed in Table 6 is the NWS Matrix Score as
defined.in Chapter. C-73 of the NWS Operations Manual .
This score shows that FTs were a’little over 1% better:
t+han MOS in'ceiling forecasting and .8% bétter in visibi-
lity forecasting. I+ is felt That the clear superiority
of the FTs shown in the contingency table, with only a
negligiblie improvement in the NWS Matrix Score, implies

a weakness in the scoring system.

For both ceilings and visibilities MOS had a slightly
greater percent correct. These figures are not consi-
dered too significant, however, because an exclusive
forecast of Category 5 would have given 90.37% correct
for ceilings and 91.8% correct for visibilities; both of
These are better than MOS.

V.. CONCLUSTONS

- A:; PoP:Verification: -

The results of the MAN/MOS PoP verification support the following
conclusions:

. The MAN/MOS Program was instrumental in bringing
about a significant improvement in Western Region PoP
- forecasting.

2. The WSFOs were able to use MOS more effectively
as a result of the program.

3. The methods of the program, such-as the suggested

forecast process and competition, were effective in
bringing about improvements.

-]3=



4. The WSFOs can significantiy improve on MOS in
all three periods.

5. MOS' future role should continue to be guidance.

- 6. With MOS PoPs running only 25% over climatology,
there is sTill much room for improvement.

B. Aviation Verification.

The results of the ceiling and visibility verification support
These conclusions:

I. The FTs verified significantly better than MOS.
2, The NWS Matrix Score is a poor standard of compa-
rison. Similarly, percent correct was not very
meaningful due to the preponderance of Category 5.

3. The five~category MOS ceiling and visibility
forecasts were only marginally useful fo aviation

forecasters.

The differences between The conclusions of the PoP verification

and the Aviation verification are substantial. In PoP fore-
casting, the improvement of the WSFOs was made possible by more
effective use of an excellent product: the MOS PoPs. In contrast,

the poor bias and generally poor performance of the MOS ceiling
and visibility forecasts implies they were not useful fo help
improve WSFO forecasts.

In recognition of these problems, NWS has now switched to a six-
category forecast system which has been derived in a manner to
improve bias characteristics (Crisci, 1976; TPB #180, 1977).

C. General Conclusions.

The important conclusions of the MAN/MOS Program are that it was
effective in improving forecasting, and that WSFOs can still make
substantial improvements over MOS.
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Western Region Pop Verificgtion
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Figure 1. A Comparison of Brier Score lmprovement Over Climatology for PoP Forecasts issued by Western Region

WSFOs.
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Figure 2. Graph of Percentage ImproVemenT of Progressively Truncated PoP Forecasts of
: Western Region WSFOs Over MOS PoP Forecasts Using the Brier Score.
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MAN/ IS SCIENTIFIC SERYX(ES fICT 4 1976 THRU JAN 30 1977 DATE 02/01/777

FORECASY CONTEST VERIFECATICN

SEA YEAR 1977
FORECAST ISSUED PERIOD 1 : PERIOD 2 ' PERIOD 3

DAY MR STA % PRECIP FP  EKR KOS ERR» PEECIP P FRR  MOS -ERRs PRECIP FP  ERR  MDS ERR®
JAN 24 6 SEA  * 7 NIV "0 0 0 0% ND e 0 0 0° NO 0 0 0 0%
JAN 24 I8 SEA * KO 5 0 0 0% NY s 0 0 0=  NO 5 0 0 0=
JAN 25 6 SEA 2 N a 0 0 0%  NO 0 .0 0 0% NO a 0 0 0%
JAN 25 18 SEA ¢ NO 0 0 0 02 ND 0 0 5 0% NO 5 0 ] 0s
JAN 2¢& 6 Sta = K 0 0 0 0 NO 0 0 0 0s NI ] ] 0 0%
JAN 26 18 SEA =MD 0 0 5 2% ND 5 0 10 1+ NU ) 1 20 4
JAN 27 6 SEA @ G 0 G 20 4  NO s 0 10 1¢ N0 20 4 20 4%
JAN 27 18 SEA 2 MO 5 0 10 15 NG 10 1 20 4%  NO 10 ) 30 92
Jan 28 & SEFA & ND g 0 0 0%  Nu 5 0 10 1+ RO 10 1 10 12
JAN 28 18 SEa ¢ HO 10 1 10 17 ND 10 1 20 4%  ND 20 4 20 4%
JAN 29 & SFA * KD 5 a 0 6% ND 10 1 10 s ND 20 4 20 4
JAN 29 18 SEA *  NO 5 0. 5 0% NO 10 1 20 4% YES 30 49 30 49¢
JAN 30 6 SEA & N ¢ 0 0 0%  YES 10 81 10 - 81*  YCS 40 36 60 162
JAN 30 18 SEA *  YES 30 4a 30 4t¥  YES 40 36 40  36%  YES 20 64 50  25%
JAN 24 & GEG ®» N7 0 O 5 s KU 5 0 10 Ie  NO 5 ] 0 0%
JAN 24 18 LEG % LD 5 0 10 1= ND 5 0 0. as  NO 5 0 0 0*
Jan 2% 6 CEGC = HO 5 0 5 0% NO 5 0 5 Ge ND 5 0 10 1»
JAN 25 18 GEG * NU 5 0 10 1t ND 5 0 5 0 NO 5 0 0 00
JAN 26 6 GFC % NI 0 0 10 15 NQ 0 0 5 G NO 0 0 10 |
JAN 26 18 GEG  * NO 5 0 10 1 NO 5 0 0 0=  NO 5 0 10 12
JAK 27 & GEG = KD 0 o 20 4% MU s 0 20 42 KD 10 1 1o 12
JAN 27 18 (E6¢ % N0 10 1 10 1+ Np 5 0 5 0% NO 10 | 10 1=
JAN 28 & CEG = no ] Q 0 0¢ - ND 5 0 5 0¢  NO s 0 10 1
JAN 2& 1B GEG % D 30 1 10 1* NGO 10 1 0 0%  NO 10 1 5 0s
JAN 29 & GEG & ND 5 0 0 0%  NO 5 0 10 1= KD 10 1 10 1*
JAN 29 1B GEG 3% KO 5 0 0 0% NC 5 0 5 0 NO 5 0 5 0¢
JaN 30 6 GEG ¥ N1 0 0 O 0* ND 5 0 5 02 NO 10 1 5 0%
JAN 30 18 GEG * KD 5 0 5 0% ND 20 4 20 4s  NOO 20 4 30 9%

Figuvre 4. Example of the Forecast Tabdla’rion Which Was Mailed to WSFCs Weekly.
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AVIATION ‘WEATHER VERITICAI‘ION FORM
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Figure 6. An Example of the Data Collection Form Used in the Aviation
Verification Program. '



r*-’l.’
s .

SO 5 8
% E _ﬂ/_ Mwu [y
¥ BT g s
3 . =4 =
= Ty 2 : a% Wow @ =
1 ﬁ ,VM‘ mw, n.m E e :
[ORNSC S = - B o}
" ot At i o =
i ) 5 s MV/G = 0
A 2, R 1 O
EoE S o SO &
g 8 : o :
o Y } ww = T by
@@ [ e T =4
LS { @ =
ol K 5 Y
. 42 @ E 5 o ]
i N o= A L=<
[ o W %
LO LN [O)3 = i3
. g ¥ EE
o @ e @
- = - R 130
4 [N O RO O}
Lo & L dE s (=
3 B (N T =
: ; & N
£ S =) v
= - 3 ooy L, 2y gy
. Nm T @ & @ @ e
O R S O R S A )| = =
O TR SRS UGN (G R Tt :
Je, ©

gcce
oo

- o =
o : ﬁ. [N
LTV (/) S LS : (7=
= o W
: it
B P ot
@ [

%
ncel

 Lesallires ¥

re 2
50

Croegah

s
Wi
ok

i
!

e

(U]
ol A :
B B 4 ES 5 3
=S i Ww@ O 10} n 20 @
EFEEY 2 o
(=2 . : ‘A&NUJH.H. _w, R ) m.d?ﬁﬂw %
# i =& OB - RS (L
: ) @} == . S8) &
‘ : = (G Ermm. @ )
: : o > R ORI
§ : i€, S
B © @Ww G
% & O
e sl gE B
. nd Mm o P i
= of@ (€3} 5= j= B = (o]
= @) . = i At
AT = 5 @ #
e <l HRURO e £ es 1) Ko L,
Sndeeety @ o R @ 0}
[ i & 43 @ &, = M pet i
[N ot Loz @ @i o) -
= D deam odE @ 23 (& o AR G 14 =1
D) LSRRG Mn M@ Solon WW % &W@M & = 57 iza i, =
Ll i g T SE© =3 3
e o & L ar
ooy BERg. B " or i
B G (i = oy fot= - i &
I e 5 g 1B T, @
Cis o=
@il o
W._ = .«w w = M
it @ G
R ol G 0
i, 53 <298 @

M R ) : . : . . -
2] Ny By T S . N . . " L B " . H - s i~ 3} e
LU R == A Sy SN OSSO O\ W @ 6 e e B G sy gy e @n Ay
\”f a8 -8 i ®oRR8 i ToER R SEE RS &8 G G Gen
T el oy e o T o Tyt T A S S L SR
5 0 y 8) {8) O OR @} ©) (0) ® ©) @ @) A9 [ORERC) @ @) -

- : : o

) o N K B

o b . N




| NORA T%mm‘lﬁu‘f]ﬁ {V @“mmmﬁ‘ﬁ MW %W“ { “mnﬁr mu@«oﬁ\

Mo
Moo

Moo

o

Ne-

PN '
&‘f@.) o

Noio
- N®o

No.

.
N Diey

Nae
Neww

Neve

O

o2

SO 4

e

I

Oy

160
ol
ez
A | U@;ﬁ '
Tﬁl‘@@
165

108
107

o8
o9

109

A

ok Memegement fn Hhe Wtfllﬂam«@w‘ﬁf’@ \;uﬂﬂ@% Ear U lm Bates, Mgy FQ‘/‘/QO

(COM=74=1 | 27T/BS)) N
An Operetiomnal Evaluetion of 560=mb Type Stresitied wczg@ggﬂon ‘g@mmﬂ@m@a Ca
Alexender B, MecDenald, Jtum 1674, - (QOM=74=] 1457/88) ~ '
O@mﬂhﬁ@m ) Brobabi | i4y of W/ueﬁwﬂm/ kess Then One=half Mile erJ Rediat fem

Fog &t . rrxw@p Callfornia. Jehn Do %@ma@g Avgust €74 (A(UMHZ/&UM 5)/#\3»

Cl tete of Flegstait, /&tﬁﬁmm P@uﬂ W S:kwrcw:@m /\www 1974, ;

(COM=T4=] 1&TRIAS) . : ‘ ‘
Mep Type G@F%;U(m/ﬁn*ﬁ: o) [r@@@bﬁ ﬂﬂﬁ h@cﬁ for Hhe Western Regien, é’ﬂaa - Eo h@@ e
and Aleender E. MacDonald, | r@brm@m/ {107/_‘30 (COM=75=10428/AS) i
Besttern Peelfic Cut=eff Low of Aprfl 20=28, UQ?@% Wilifem Jo Alder @rm(él :
t@@’gg Ro -Miller, denvery 1996, (FE=250=7])/48) = . o
Study on @ Signifieant Presipltation Episede i ‘fﬁﬂ W@@m ) Unfied Shates.

Ire 8. Bremner, Aprfl JQ:/%@ «crmm:f@mms»

A Study of Flash Fleed Susespti bﬁqﬁ“ﬁyw/\ Besin fn &@Mﬁ‘“@[ﬁﬁ) /\r*ﬁmwan

Cerald Wil Vizme, August 1975 (COM=75=1 | 360/AS)

A Study of Flash-flosd. Oseurrsness st & 8ite versus Over o 8 FOFC-MS‘J Z@@co L
Carale Willlems, Avgust 1975, (COVET5-11404748) '

Digh+ized Bastern Pacific T T“mpi’cau @y@fom@ Tracks, &o}&w@ i l\c, B@um de

Glenn E. Reseh, Septembsr 1975,  (CON=75=1 |479/A5)

A Set of Rules fer F@P@C@@ﬁffﬁg wrgam*ﬂmr@q in Neps ene @mmm oxaurﬁmcnw
W‘cs ley: Ly Tt O@u“otm (878 (P U:%M,le‘%‘?)/f/A%sﬁ T
ol ﬁGMrUern O‘?"" e erﬁﬂmﬁ W"“wrﬁﬂ@tr

Serrvies Flagh=71 @@*ﬁ D!(‘(émf"”im fim vm-x . R
‘ Berald Wi fems, Jeivary 1976, (PB=25 /&1\@‘» .
(OWL)JJ(mrH\@ /A\DdLJ o Foreeasiiig Imramwﬁm Temp SFETUrES &) ’r\(-ﬁﬂ)g Nevede, -
D)Ur?ln)';) The Summer  MemTHhs . @[mrﬁber}DP@P D WIHT, Jenvary 1976, (FER52666/AS)
Ferresasting the Mone Wind. Charies B, l?ug@h@g Jroa bﬁ@!‘)zﬁuaﬁ; 1976 (PEZ546505

- Use ef MOS Forseast Perowmeters in, Tenperature Forecasting, Jeohm s c o »‘

Pﬂ@mlkshmfmﬂp ey Mareh 1976. (FRR54649) ‘ : v ‘ :
Mep Types ss Ald In Using MOS PoPs fn Western U. 8. [(ra 8. Brenner,  Avguss
1976 (PB259594) ‘

- Other Kinds of Wind Shear. u}wrﬁm‘r@p{m@r Do B, /\UCL b 1976, (PE26043TIAS)
Feresasting North Winds im the Usper Seeremenio Val ley m@l. A@j@ﬂmm@
Forests. G[mﬂgwf@pfm@ﬁ E. Fortene, Sepiember 1976,

@@Qﬂ latlew as & Weakening ﬂﬁ»f‘ﬂtﬁlﬂ@@ on Esetern P@e’ﬁf‘ﬁf& Tre pﬁ@aﬂ uy@fom@@u
Wil jem J. lumﬁmyg Nevembar 1978, :

Operationa] F @r@ca@ﬂmg Us-ﬂmg f\mrmaﬁ?@@ C:)uﬁuam}c-c LLx:-:fomm W “w@ﬂﬂmam
ﬁsoma Fy @7%




